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LCA System Boundaries

Scope —

Before use stage

[AO-A5]

Use stage
[B1-B8]

End of life stage

[C1-C4]

AO Preliminary studies

Bl Use

Al Raw material supply

B2 Maintenance

C1 Deconstruction/
Demolition

B3 Repair

C2 Transport for
Disposal

A2 Transport

B4 Replacement

C3 Waste Processing for
recovery

A3 Manufacture

B5 Refurbishment

A4 Transport to works
site

B6 Operational Energy
Use

C4 Disposal

A5 Construction process

B7 Operational Water
Use

B8 User utilisation of
infrastructure
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Benefits and
Loads beyond
the system
boundary
[D]

Reuse
Recycling

Benefits and
loads of
additional
infrastructure
functions



ARUP
LCA Assessment Methodology

ReCiPe 2016
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Figure 1.1. Overview of the impact categories that are covered in the
ReCiPe2016 methodology and their relation to the areas of protection.

Reference: ReCiPe, 2016



https://www.rivm.nl/bibliotheek/rapporten/2016-0104.pdf

Asset Hierarchy

Tunnels and Turnarounds

System
CLIC 5.6m dia. 380GeV

Main accelerator tunnel
Primary Lining
Secondary Lining
Invert
Turnarounds
Primary Lining
Secondary Lining

Invert

Shafts
9-18m dia.
Primary Lining
Secondary Lining

Caverns

BDS, UTRC, UTRA, BC2, DBD, Service cavern,
IR cavern, Detector and Service hall

Primary Lining
Secondary Lining



CLIC & ILC
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CLIC & ILC

Sub-system Level
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kgCO2e/m Tunnels Comparison
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CLIC 10m 380GeV Tunnels & Turnarounds

M Primary lining
M Secondary lining
M Invert/Shielding wall

Sub-component Level
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Invert 35%
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Shielding Wall
& Invert
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ARUP
ILC Tunnels & Turnarounds N

Sub-component Level M Secondary lining
M Invert/Shielding walll

Tunnels & Turnarounds (kgCO2e)
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Peripheral tunnels spaced 1-1.2m along

access tunnels (total
length = 4.9km)



CLIC & ILC

Sub-system Level
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|LC Shafts

Sub-component Level
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M Primary lining
M Secondary lining

Primary Lining Steel Support

*H200 and H125 spaced 1.5m along 70m
deep main and utility shaft (assumption)
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Steel and Concrete Proportions

CLIC & ILC

M Concrete
M Steel

CLIC 5.6m 3TeV & CLIC 10m 380GeV ILC 250GeV
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CERN Materials Baseline

CEMI 80% recycled
CEMI 80% recycled
CEMI 80% recycled 80% recycled




ARUP
Concrete Carbon Factors

CEMI Carbon Factors Comparison SCM Carbon Factors Comparison
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Steel Carbon Factors

Steel Carbon Factors Comparison
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Steel and Concrete Carbon Impacts

Reinforced concrete
Material breakdown (kg)

5%

8%
<1% ‘
Q&\N ,

15%

‘ 5%

67%

Reinforced concrete
Material carbon impact breakdown (kgCO.e)

40%

<1% %/

1%
2% 1%

56%

Ratios of material quantities versus material impact in a reinforced concrete mix C35/45
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Cement

SCM

Sand & aggregates
Additives

Water

Reinforcement

Reference: Net-zero buildings, 2023



https://www.wbcsd.org/contentwbc/download/15653/227132/1

ARUP
CLIC 5.6m 3TeV

A1-A3 LCA Results for ReCiPe 2016 Impact Categories

CLIC 5.6m 3TeV | Relative contribution of sub-system
to total environmental impact
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ARUP

ILC 250GeV

A1-A3 LCA Results for ReCiPe 2016 Impact Categories
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A1-A3 Steel and Concrete Proportions (kgCO2e

CLIC 3TeV e
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Benchmark — Thames Tideway

A1l-A5 (kgCO2e) A1-A3 Steel and Concrete Proportions (kgCO2e)
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Reference: Thames Tidewa


http://www.energyforlondon.org/wp-content/uploads/2013/05/Thames-Tideway-7.08_Energy_and_Carbon_Footprint_Report.pdf

Benchmark — Railway Tunnel

A1l-A5 (kgCO2e) A1-A3 Steel and Concrete Proportions (kgCO2e)

2851377, 5%

5557151, 10% A5 5.0E+07

4 5E+07
4.0E+07
3.5E+07
3.0E+07

2.5E+07
2.0E+Q7
Al-A3 1.5E+07
1.0E+07
5.0E+06
0.0E+00

Concrete
47197206, 85%

Reference: Arup tunnel project experience
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Parametric Modelling

CLIC & ILC
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Next steps — Future considerations

Broader aims

UN Breakthrough Outcomes for 2030

100% of projects due to be
completed in 2030 or after are
net zero carbon in operation

(with at least 40% less
embodied carbon compared to
current practice)

Race to Zero

Ambition

in the Race

. Outcome

Goal

ARUP

Race to Zero

The resilient,
zero carbon
world



Next steps — Future considerations

Workshops

Wider net zero
considerations

BUILT ENVIRONMENT SYSTEMS

WHOLE LIFE
A, NATURE-BASED SOLUTIONS
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User Carbon
OFFSETTING
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Economic Drivers

EIB Shadow cost of Carbon price projections

2030: 250 €tCO2e
2050: 800 €1tCO2e
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_— - _— European
o o ! Investment
Year Bank
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| ow carbon materials

} Society's need for concrete (in the :
| absence of any action) is forecast |
| toresultin 38 Gt CO, in 2050 |

______________________________

Contribution to achieve net-zero

Efficiency in design and construction

Efficiency in concrete production m

Savings in cement and binders
Saving in clinker production

Carbon capture and
utilisation / storage (CCUS)

CO; emissions (Gt COz)

Decarbonization of electricity
€0, sink: recarbonization | 6% |

2020 2030 2040 20501 100%

[ c0, emissions from electricity I

1l Direct net CO; emissions
Direct CO, emissions minus recarbonization)
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